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vABSTRACT
Today, surveillance system is being utilized and deployed in many places to
provide supervision and bring security to people. The most commonly used technology
currently is Closed-Circuit Television (CCTV). However, there are several defects with
the technology such as anomalies cannot be identified automatically and expensive.
This project proposed to use the GPU in Raspberry Pi for video surveillance task.
Raspberry Pi is a powerful single-board computer which features an ARM processor
and a VideoCore IV graphics processing unit (GPU). It is sufficiently powerful to work
as a video surveillance system and relatively cheap compared to CCTV. Furthermore,
GPU is optimized for parallel computing of video data. It can theoretically provides
better performance and have higher efficiency in video processing compared to CPU.
Hence, the GPU in Raspberry Pi should provides large performance gain by porting the
algorithm from CPU-only reference to works on GPU. The objective of this project is
to explore on how the GPU can be programmed for the purpose of video surveillance.
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ABSTRAK
Dalam zaman ini, sistem pengawasan telah dipasang dan digunakan di
banyak tempat untuk mengawas dan menjamin keselamatan orang ramai. Teknologi
yang paling biasa digunakan ialah Televisyen Circuit Tertutup (CCTV). Walau
bagaimanapun, terdapat beberapa kelemahan dengan teknologi tersebut seperti
anomali tidak dapat dikenal pasti secara automatik dan mahal. Projek ini
mencadangkan penggunaan GPU dalam Raspberry Pi untuk tugas pengawasan video.
Raspberry Pi sebenarnya merupakan sebuah komputer yang kuat, ia mempunyai
pemproses ARM dan unit pemprosesan grafik VideoCore IV. Raspberry Pi mempunyai
performasi yang cukup untuk berfungsi sebagai sistem pengawasan video dan agak
murah berbanding dengan CCTV. Selain itu, GPU adalah sistem yang dioptimumkan
untuk pengkomputeran data video selari. Ia secara teorinya boleh memberikan prestasi
yang lebih baik dan mempunyai kecekapan yang tinggi dalam pemprosesan video
berbanding dengan penggunaan CPU. Oleh itu, GPU dalam Raspberry Pi sepatutnya
memberikan keuntungan prestasi yang besar dengan mengalihkan algoritma dari
rujukan CPU sahaja kepada kerja-kerja GPU. Objektif projek ini adalah untuk
meneroka bagaimana GPU boleh diprogramkan untuk tujuan pengawasan video.
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CHAPTER 1
INTRODUCTION
1.1 Problem Background
Surveillance system is a system which monitor and observe. The main purpose
of surveillance system is to provide supervision and security to people. In this modern
era, surveillance system is very common and it can be found easily in many places
such as shopping mall, bank and even in certain housing areas [3].
The most commonly used technology for surveillance system is CCTV (Closed
Circuit Television) and the most common type of CCTV is analogue CCTV. Analogue
CCTV is a well-stable, established technology which is supported by all major CCTV
manufacturers. Despite the popularity, analogue CCTV has a few downsides. First
of all, it is dumb. It does not mean literally dumb, in this context it is saying the
analogue CCTV is lacking some intelligence [4]. Analogue CCTV can only perform
surveillance task solely. It cannot do anything other than passive monitoring and
recording the video. Secondly, analogue CCTV requires installation and maintenance.
Analogue CCTV has to be installed and it involves a lot of wiring work, not to mention
it still has to be maintained from time to time.
Because of all the mentioned disadvantages of CCTV, a new trend of low
cost embedded video surveillance system using Raspberry Pi emerged [3, 5, 6, 7].
Raspberry Pi is being used for several reasons. First, it has a small form factor. The
size of Raspberry Pi is only pocket size large. This makes it suitable for surveillance
purpose because it can be hide effortlessly. Second, it has a relatively powerful
hardware. As matter of fact, Raspberry Pi is essentially a mini computer and it can
2turned into a smart video surveillance system through programming to perform motion
or face detection. Third, Raspberry Pi has a cheap pricing. It is affordable for most
people.
1.2 Problem Statement
There are a few problem statement in this project. First problem statement is
there is very limited exploration on GPU based video surveillance system [8] especially
on Raspberry Pi. As of today, not much research has been done on the Raspberry Pi
GPU needless to mention those research specialized in video surveillance system using
Raspberry Pi GPU.
The second problem statement is high user demand for high performance and
intelligent video surveillance system. In computing world, the expectation level of
performance for devices is ever increasing, user is constantly expecting devices to run
faster and perform better. This applies to Raspberry Pi as well, even though Raspberry
Pi already has a powerful enough hardware but as time passed by the computation
power of Raspberry Pi may not meet user expectation anymore.
The third problem statement is no previous work has been done to compare
the video surveillance system performance on Raspberry Pi GPU and CPU. Currently,
there is no research to study the performance difference in Raspberry Pi GPU and
CPU based video surveillance system. This is saddening because it should be very
interesting to study on the performance gain of switching from CPU implementation
to GPU implementation. From the learning, it can determine whether the switch is
worthwhile.
1.3 Objective
The objectives to be achieved in this project are:
31. To implement video surveillance algorithms on Raspberry Pi.
2. To improve the performance of Raspberry Pi video surveillance system in terms
of FPS or latency.
3. To benchmark the results between Raspberry Pi CPU and GPU platform.
1.4 Scope of Work
There are many different types of Raspberry Pi in the market. In this project,
a non-overclock Raspberry Pi model 2B is used. Raspberry Pi 2B has a ARMv7 four
cores processors which is running at 900Mhz and a Broadcom VideoCore IV GPU
which consists of QPU, VPU and ISP.
In order for Raspberry Pi to have computer vision capability, it needs to be
programmed with video surveillance algorithms. The video surveillance algorithms
are limited to Local Binary Patterns (LBP) [9], Frame Differencing and Image
Convolution.
A normal USB Logitech webcam instead of the official Pi camera module is
used for the video capturing purpose.
1.5 Thesis Outline
This thesis consists of five chapters, they are introduction, literature review,
research methodology, results and discussion, and conclusion. Chapter 1 gives the
motivation and background of the project, raises the problem statement, finding the
objective and set the scope for the project. Chapter 2 contains the study from literature
reviews from all related field. Chapter 3 describes the design methodology of the
project in details. The results and discussion can be found in chapter 4. Lastly, chapter
5 summarize the overall findings and the achievement of this project.
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